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ABSTRACT

THE ABSORPTION' SPECTRA OF $MERURY IN
KRYTPON, ARGON, AND .NITROGEN

The absorption spectra of mercury in solid krytpon,

'argon, and nitrogen were obtained at 160K and 200K with molar

ratios (H6st:nercury) lof 1000:1. The electronic transition

investigated Was the 2536.5 line of mercury (63P1--6§S 0).

The absorption' spectra of mercury in krypton and argon exhibit

poorly resolved triplet character, while the spectrum of mer-

cury in nitrogen exhibits no triplet character. The spectrum

of -mercury in krypton- and argon can be explained in terms of

removal of' the P state orbital degeneracy of the mercury atom

by the hosft. However, this explanation implies that the spec,

trum of mercury in nitrogen should exhibit triplet character

comparable to that seen in the spectrum of mercury in argon.

The multiplets can also be-explained by'assuming that one

component is caused by isolated meicury atoms and, that the

rematning !comp nnts are caused by interactions 13etween pairs

of. mercur-y -atoms, :trapped- at- sites. .(3) and .(0). and. (5 ) arid ).

In the krypton and argon, lattices, there, are fiercury atoms

trapped at sites (4) and (6), ;but the pbpulations of *hese

sites are so small relative to the populations of sites (3),

(5), and (7) 4,12 8, 24, 24, anr 48 respectively) that their

contributions to the Spectra are not resolvable. Site (7)
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has high enough population but the transition energy of a

mercury atom trapped there is not resolvable from that of

the isolated atomic transition. Since all of th-P sites in

thenitrogenl~attice have roughly the same popuation, the

pa#r-wise ifiteraction expianation ,predicts thafL there should

be no-triplet character to the spectrum of mer.c uy in nitrogen.

F
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CHAPTER-I

INTRODUCTION

Several authors -4 have reported on the spectra of

atoms trapp@i. in inert solids. The spectra obtained con-

sisted of multiplet -structures shifted to higher energy than-

the energy of the transition of the free atom. The shift in

energy has ,been explained in terms of interactions between

the trapped atom and the gas host atoms. Presently, there

are two explanations of the observed multiplet structure.

+One interprets the multiplet structure as- evidence; of the,

removal of the orbital Aegeneracy of the. trapped atom, by the,

efnvironment of -the 'host Iattic i_' - 2  The other suggests that

some of the combponentse of the ,nultiplet structure are due to

interactions between pairs +of impirity atoms, trapped at non-

nearest neighbor sites in the host lattice. 3-4

Brith and Schnepp 1 have investigated removal of orbital

degeneracy of the atomic P state for magnesium atoms in solid

argon. Since the crystal structure of arg6in is face-centered

cubic, no such, removal is to be expected for a perfect sub-

stitutional site. Therefore, distorted impu:ityV sites have

-to be ,considered "in-an effort to interpret the 6e.perimental

observations. The authors, investigated dispersion as well as

covalent interactions to -determine which of these terms can

+o-
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cause the observed splitting in the presence of reasonable

lattice dist6rtions-. They-conciudedthat contributions by

both of these terms to the observed splitting energy are of,

importance -The order of magnitude of the observed, plitting

energy can, be explained on the basis of both a distqrted

impurity site as well as an adjacent V6cancy site. tn these

models the site symmetry ofI the impuity ste is at most h

(in the former case) but ray be as low," Cv (for a single.

lidjacent vacancy). 'h spite -of this rdlatively low symnetry

the calculations predict the splitting of the Atomic P staee

into only two components. The observed spectra for metals in

inert hbsts consist of two components in some cases, but more

often, of three or m6re components. Additional distortions

to the-ones included in the distorted site model considered

by Brith and Schnepp could account for these observations.

It must be remembered, however, that the observed -lines are

discrete and this fact iequires regularity o distortion at

a majority of sites since random distortions would give rinse
to a broad pontinuum, The impurity metal atom may cause'the

systematic occurrence of vacancies in its immediate nei'ghbor-

bood, but more than one such vacancy is required in order to

account for the observation of three components.

Andrews and Pimental have suggested that -some .6f the

multipl4t structure can be explained y asuming that the mem-

bers' of the multiplet are the results, of' transitions of isolated



3

'atoms. -and ifiteracting pairs of impurity atoms trapped at non-

neaeest neighbor-sites. in the'host solid. The transition

*energy for an interacting pair of trgjped-,atoms may ~be deter-

m~ined 'qualitatively, by treating the interacting paire -a-

weakly bound diatomic molecule 'having an internudlea- separa-

tion equivalent to the distance, between thi- nofi-nearest

neighbor occupied sites, The transition energy 'is, thoen deter"

mined-from ithe known potential curves oi the di'atomic-molecule.

The object o~f this paiper is to oxamine, the ispectrtum

of -mercury In solid. nitrogen -and its, telation- to the spectra

of. 'mtercury -in solid kryptoh. and argon.. 'The results, of this

work should remove s6r~e,'of' the qiuestiohS concerning the, observed-

mtlt,let strudture ~of mercury in sblid -h6sts since nitrogen

possesseq" pr;operties that are both similar tb and discernible

f rom the properties- of 'krytIn and 'argon.



CHAPTER II,

EXPERIMENTAL

The spectra of mercury in krypto, argon., and' nitirogen

were obtained on a McPherson 2.2 meter vacuum spdctQygraph

and ~monochromator equipped with a 1200 -ine-per-mm grating

blazed at 1500 ~.A slit width of 50 was-used .for all of

Lthe sbectra. An E.M._I. 6255B photomultiplier tube -was used

t ~to redord' the spectra photoelectrcicaily using a Keppo 'ABC,

-2500M D.,C. high ivoltage- power suyipy an ?Kitl 44 cro-

micr6amriter connected to a,'Leeds-and Northrup Speedomax W

chart recorder..

A ydrogpn source, was -used to provide a continuum

from, about 1900 I to- 290,0 A. _Mercury reference Jines were-

provided by a mercury lamhp mounted- behind.-the hydrogen, larnp

[ Figure 2-1 gives the-experimental arrangement-of-the equipl-

itent used~ in obtaining the spectra.

The 'rare gas arid mercury atomrs -were deposited on a

=sapphire window which was &coole by-an Air Products, AC.-2L

-Cryoitip -to, a tem,,erature o-f -16 K. -The- -terperature of-the

cold window was measured using a, Au-Fe versus~ copper thermo..

couple located between the indium gasket and the sapphire

i~ndow in conjunction with-a Leeds and-9orthrui3model 9834

null detector and, model -K-4 potenitio meter.. -The vacuum in the
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cryotip was maintained at 4 x.10- 7 torr using a 2 inch Veeco

diffusion pump with LN2 cold-trapa nd monitered itsing a Veec0

ionization gauge.

The depositing apparatus consisted of a mercury reseru

voir, a gas i-eservoir, and the, cold -window Figure 2.2. The

temperature of the-mercury reservoir was maintained at 310 C

giving a mercury vapor pressure-of 5 microns5 using a water

bath And an immersion heater connected to a rheostat. The

pressure in the mercury reservoir was measured using a Veeco

thermocouple gauge. The pressure in the gas reservoir was

maintained at about 600mm throughout the deposit and was

measured using a Wallace and Tiernan model FA-145 dial mano-

meter. The rate of gas flow Irom the gas reservoir into the,
merdury reservoir Ws adjusted togive a molar ratio (gas-

mercury) of 1000:1 using a Granville-Phillips variable leak.

The rate of flow-of the gas-mercury mixture on to the cold

window was monitered by the interference method4 and was main-
Stained between .07 and .7 per minute using a needle valve.

Total deposit, timns ranging from 3 to 15 minutes produced

sample thicknesses ranging. from .8/ to .o . Throughout

the deporsit the pressure in the-,cryotoip remained about 6 x

10-7 torr. The spectra were recorded .photographically on

Ilford -Q1 plates with, exposure times of 144 seconds to 8 iin-

utes, depending on- the thickness qf the deposit. These plates,

have been placed on file in the office of' Di:. C. E. Blount,
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CHAPTER tI-I

RESULTS AND DIScUs'SION

The near ultraviolet absorption spectra of mercuiy

trapped in, solid krypton, argon, and nitrogen were obtained

from samples deposited at 169K and 20OK with molar ratios

(host: mercury) of 1000:1. The spectra corresponded to the

2536.5 R atomic transition of mercury (63P I--61S0)
1 0

The spectrum of mercury in krypton at 160K, Figure

3'.1, consists of a poorly resolved triplet located to higher

energy than the 25 36.5 1- line of Hg. A better resolved trip-

let was obtained by Merrithew4 for a deposit temperature of

25 0 K. The spectrum of mercury in argon at 16°K, Figure 3.2,

consists of a poorly resolved multiplet located to higher

energy than the 2536.5 9 line of Hg. The widthof the multiplet

is consistent with resultsl obtained by Merrithew4 for mercury
in xenon. Howevek, the triplet of mercury trapped in xenon

was better resolved. At lower molar ratios (200:1), a broad

band is observed at lower energy than the triplet for both

argon and krypton. The frequencies of the observed' bands and

-their widths at half-maximum are given in Table 3.1.

Britland.Schnepp 1have asserted that the observed

triplet may be due to the removal of-degeneracy of the excited
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L Fi'ure 3..Microdeflsitometer Tracifig~ of the Absorptionl

:,pe&;tra of, -Mercury' in Solid Krypton at 16P~ K
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Figure 3.2. Microdensitometer Tracing: of the Absorption

Spectra of -Mercury in Solid Argon,- at 160 X
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state, 6 Pi, by the host environment. This theory is con-

sistent with results obtained ,for mercury in argon, krypton,

and xenon-where triplet separations were found to increase

with increasing static polarizability of the host (xenon 39.9

x. 10- 25 cm 3, krypton 24.6 x 1--2 5 cm3 , argon 16.2' x 10- 25 cm3 ),

Table 3.1

The spectrum of mercury in solid nitrogeni Figure 3.3,

consists of a narrow band and a broad absorption band to lower

energy., The frequencies of the bands and their widths at 'half-,

maximuim are listed in Table 3.2 The peak of the broad band

at 200 K is 221 cm-1 lower in energy than the peak at 160 K.

The -high energy band innitrogen, 40516 cm- 1 ,, unlike

the high energy band in argon, 40613 Cm1I, is not of sufficient

width (nitrogen 117 cm-1 , argon 253 cm 1 ) to indicate multiplet

character. The low energy bands of mercury in nitrogen, 40151

dm- 1 at 160 K and '39930 cm1  at 20 0 K, compare to- the broad band,

in argon, 39976 cm- , found ,at, low molar ratios. Nitrogen has

-a T- (Pa3), s tructure with tetrahedral site symmetry, while
argon has a 05(F"m3m)structure with octahedral site symmetzy.

Therefore the site symmetry of nitrogen is equivalent to or

less'than ,that of argon, Since the static polarizability, of

nitrogen is approximately equal to that of argon (nitrogei

1-7.6 x i06" 5 cm3 and argon 16.2 x i0- 25 cm)', according to the

theory of' Brith ;and Schnepp, removal of orbital degeneracy by

the nitrogen- should produce' a, spectrum of mercury in nitrogen
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S.Figure 3.3 Microdehistometer Tracings of the Absorption

Spectra of MercUdryA'n Solid- Nitrogen at 16.0 X(

and 200 K
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comparable to the spectrum of merbury in argon.

According to Merrithew4 the multiplet structure can

be expiainedby assuming that the members of the multiplet are

the results of transitions of isolated mercury atoms and inter-

acting pairs of mercury atom.i trapped at non-near6st neighbor

sites in the host solid. The transition energy for an inter-

acting pair 6f trapped merciry atoms may be determined quali-

tativeiy by treating thePiir as a weakly bound diatomic mole-

oule having an intern-dclear separation equivalent to the dis-

tance between the non-nearest neighbor occupied °sites.. The

e~ergy is then found from the,diatomic potential curves of

mercuty, Figure 3.4.

In the face-centered cubic lattice, the 'crystal struc-

ture of Xenon, krypton, and ,argon, non-neighbqring sites (3),

-(5)-, and (7) have, larger populations than other neighb6ring

sites ('see Appendix). The transition energy at site (7)1, how-

ever is close to the transition energy of the isolatedatom

and-will not be resolved in- the spectrum. Therefore, the only

compponents observed are those due to isolated 'atoms and inter-

acting pairs of mercury trapped at sites (3) ahd (0) and sites
S(5) and'(0). As the molar ratio (host:mercury) is decreased,

the- inteisity of a band to the low energy side of the sharp

band,'is observed to increase. This increase in intensity of

the low energy band is associated with an increase in the

possibility of mer !ury atoms-being trapped in neighboring
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sites in the host lattice or dimers. As the temperature of

the deposit is increased, the intensity of the broad band is,

again observed to increase. This increase in intensity is'

also-associated with the formation of dimers. As the tempera-

ture of the deposit increases,, mercury t6 mercury diffusion

increases and, therefore :the number of neighboring mercrY,-

atoms -relative to non-neighboringmercury atoms increases.

The separations between the isolated transition and the dimer

for xenon, 1 krypton, andargon were found to be relatively

c6nstiit, -573 cm=I, 567 cm-l;, and -637 ,cm-1 respectively.

Since neither the-energy of the isolated a-omic.transition

nor t-he energy of the dimer transition is a functionof the

unit cell separation-of the lattice, the position of the dimer

relative to the isolated trAnsition-wouid not be expected to

[ary greatly in the different hosts% The assignments of the

observed spectral components of mercury in krypton and argon

and a -comparison of the -xperimental results wi h those obtained

for Hg2 are givenin Table-3.1.

The form of nitrogen, the predominant form at

temperatures under 350 K, all non-neighbbring sites have approx-

imateiy the same popalation (see Appendic)'Y According to the

theory of pairwise, interaction, the spectrum of mercury in

nitrogen should, consist of one band due- to, isolated atomic

transitions andone brad band due to the unresolvable nbn-

neighboring interactions located to lower' energy. The peak

k u
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of the broAd band of the spectrum -of mercurj:y ,in. nirogen'

shifts from -365 cm7' at 160K to -363 cm- at 200K. As pre-

Viously mentioned, at higher depos it temperatures (200K-

25'6K) the spectra of mercury in krypton and 'argon both

exhibit a broad band between -560 cm'r and -640 cmri from the

isola-ted transition due to the formation ofl dimers. There-

fore., the shift of the peak of th§ broad band in nitrogen at,

20' 'K-may be attributed,. to the increaised: migration of non-

neigbring mercury atomis to form dimers. The assignments of

the obsekved 'spectral components of' rneicury in nitrogen ~and

a comparison of the experimental results with those. obtained

for Hg2. are given in Tabr~e 32-.
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CHAPTER IV

CONCLUSIONS,

The multiplet strdi-ture-observed in the spectra of mer-

cury in argon and krypton has been explained by assuming that

the high energy bmponents are due to well isolated mercury

atoms while the remaining compo6nents arj due to 'Hg-Hg inter-

actions lbetween mercury atoms trapped at non-nearest sites in

the host solid. The lack of mul"iplet structure in the spectra

of mercury in nitrogen has been shown, to be associated with the

structure of nitrogen. Sihce the-many non-neighboring sites

in nitrogen have approximately the same population, only one

broad band and the isolated line are observed.

The shift to higher energy, ok the isolated and dimer

bands from the 2536.5 1 line of mercury varies as a functicn
; 'C of decreas6 in the static p63afizability of the host solid.

The 'separation in energy between-the dimer band and the iso-

lated band were found to be the same for different hosts .

Therefore, the difference~ betweenl the effects of the host-solid

on a trapped mercury atom and their effects on the dimer or Hg2

are indistinguishable from their spectra. This effect would

make it possible to construct quantiativediatomkc potential

curves in the intermediate regions frdm- spectroscopic data

obtained from merciry atoms in solid rare gases.
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APPENDIX

Figure A-I is an illustration of the facer-entered

dubic lattice,, the crystal form-of the rare gases. The neat-

est neighbors (1), are noted along With non-nearest neighbors

'(2) through (10),. The population and distance frifi the origin,

site (0)', of each of these non-nearest neighbor sites are

listed in Table A.1.

Figure A-2 is an illustration of the formof nitro-

gen, the predominant structure for temperatures less than 35°k.

The structure is a face-,centered cubic composed of N2 'mole-

cules. As a result there are a large number of nearest

neighbr and non-nearest neighbor interactIon distaces all

havingi approximately the, population. Table Al lists, these

digtances and their populations.
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TrABLE A.1

NEIGHBOR DISTANCES'_AND POPULATI0NG3

IN FXkRYPTON, ARGdON, AND NITR OGEN

Site Distances (R) and Population

Krypton Argon N itroge n

1. 4. 00 (1) 3.76 -(12) 3.61 (6) 4.47 (6)

3.-66 '(6) -4.51 (6)

'2 5.66 (6) 5-.32 i(6), 5.14 (4) 6_.36 (4)-

5.68 (4)

36.93- (24) 6.52 (24) 6.22 () 7.231- (1 2).

6.74 (1 2) 7.26 -(6)

6477- (6)' 7.26 (6)

4 -8.00 (12)_ 7.52 -(-)7.17 '(3 -8.412 -(6)

^8.,04 '(12) 8.90 (3)

5' 8.94 (24) 8.!41 (24) -8.41 (6) 92 3

8.4t '(6)' 9. 21 (6),

c8.81 (6) 9'.-55 (F,)'-

8:.86, (6) 9. 61L (6)

6 9.80 (8) 9. 21 (8) 8.75 (1-) 10.23 :(3),

9.-78 _(8)

-7- iO.5 8 (48) -9.9§5 (48) 9.81 -(6): 10.'8-1 (12)

10-.14 (,12) 10b. 82 (12)

10.16 (16) 11.14 _(-12)

10,..4& (12)Y 11-.16 (12)

- -10. 50 (12) 1-4 5 -(6)
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In- an-.effort to ~ektend our understanding of inter-

molecular forces;, experiments are presently being conducted'

on the ajbsorpt16n spectrum of 'Xenon ini the vacuum ultrayjolet

for -a- range, of temperature between 3.50k- and 30&K. To date,

the absorption spectruiwof xenon- at 200K has been recorded

on -photographic plates,; This was accomplished using an Air

Products AC_3L cryotip fitted to the entrance siit of a

McPherson, 2.2-meter V'acuum spectrograph. The spectrograph

is eguipped, with a 1200, line per mm grating bla; ed at i5OQA

and uses a diffusion ,pump along-'with -two, mechanical pumps to

;!khi-,ve a Vacuum of 1i66tcrr. Flap valvers give reddy access

othe f ilm, chamber and eit-rance s1it Figure 1. TIrhe ab~orp-,

tion spectra can- be-redbrded efther photographically or photo,.

edectrically using a- sodium sdlicylzite coat ed window and an

EM1 R5 14S' photomultiplier, tube. 'Spectrogramns are made usingI Il'ford Q2 plates.
The krypton source- is 'Produced' by microwave' excit-a-

tion and,, cooled'by, a stream nof ~mrse i.Sfiin

anounts ,of carbon and nitiogen irnpurities are pre~ent to pro"

vide- severai 'useful emission reference lines,

'The doolingj load- of thie-cryotip is a LiF window nomouinted-

in a copper block.. The ,window tempeature is mieasur ed -using

a gold'0.07% at iron -versus- copiper thermocouple lodated

between? the 'window -and the indium, gasket, Figire, 2.the

cpryotip i s evacuated by 'a LN- trapped -Ve~co 211 air cool-ed4
F2
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diffusion pump backed by a Weich 1403 mechanical pi-imp. Dow

Corning 7.05 oil is used because 'of its low, backstreaming

quality., A Veeco ionization gauge is used to check the pres-

sure, a typical value after 24 hours beihg 8 x 1Q,7 torr.

Air reduction research grade xenon is deposited on

the cold window through a Granville-Phillips variable leak in

conjunction with a cold trap consisting of dry ice and ethan0l.

The deposit is limited to short duration because X-ray studies

have shown that amorphous structure is. kept to a minimum for

fast depositions.

At, 20 0 K xenon exhibits, absorption at approximately

1485A, 1360A, and 1300A. Presently, the lower limit of the

absorptibn-;egion is cut 'off due to unwanted material being

trapped on the cold window. N2, -2' and-Co2 absorb strongly

in, this region of the vacuum ultraviolet and diffusion pump

oil scatters the light from the source considerably.

'The source of the material ,covering the cold window'

appears to be internal to the system. The whole system has

been checked thoroughly for leaks with a Veeco mass spectro-

meter leak detectori To extend the region of observation to

.the cut '6f fr LiV' several mod ifcati6hs e akbib -ad. A

Yeeco coaxial foreline trap located between the diffusion pump

and the high vacuum will eliminate the backstreaiing of dif-

fusion pump oil. This trap is -similar to that used 'by .. pert

to achieve high vacuum with-diffusion pumps. To minimize,



desorptioh of gases from the system walls, techniques used for

ultra high vacuum will be. implemented, The -construction of the

system will be entir~ely of stainless steel with- all demount-

able, 0rinjg seals composed of vitony. In addition a mi-ld

4bd)keout should- prove helpful. A Varian Vaclon pump will take

ove th p -ipig'job upon the atanetof moderately high

vacuumn (10-8 -tbrr) to, provide -clean p umping iidjacent to the

region- of exp er-imentat-in.

The ptoduct of this research will be. experim'ental

inform~ation on 'the nature of intermolecular forces for xenon-.

Currently this- information is available only- for the- emission

spectrum of xenon obtained-by.-Tanaka.2 -

-1D. Alpert, "Recent AdVances in- Ultra-High Vacuum

Technology," -Advances in Vacuum Science-and Te~hnology, Vol. I,

p. 31- (1960).

2.Tanaka, private- coimmuniction.
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TEMPERATURE DEPENDENCE OF THE MATRIX ISOLATION

SPECTRUM OF B&NZENE

R. B. Merrithew, G. V. Marusak, and, C. E. 'Blount, Journal of

Molecular Spectros~opy, 25, 269 (1968)

The near ultraviolet spectrum of benzene in a nitrogen matrix

-was obtained for deposit temperatures of 4.29 K,, 17.50K1 and

20.;4 0K. The spectrum of benzene for the matrix formed at

20.40K consists of single bands (the :O + 516 ,transition along

with the 923 vibration and its overtones). The spectra

obtained at 4.20K and 17.50K were composed of doublets, ,(the

o + 516 and O + 95 + 516 for 4.2°Kand the 0 + 516 + and

0 + 93 + 516 for 17.56K),. The ratio of intensity of the

doublets is 2.'5 to 1 at 4.20K and 1 to 1.i at -17.50 K.



NEAR-ULTRAVIOLET ABSORPTION SPECTRA OF BENZENE IN

INERT MATRICES*

G. Marusak 'and C. Blount, Bulletin of the, Amecican Physical

Society, 12, 200 (1967).

The near -uv absorption spectra of benzene in :solid Af, Kr,

and N2 at 4.2OK were obtained on a 3.4-m spectrograph. The

260p- system of -benzenie is an electronic forbidden transi-
tion (A - Bu) which becomes all6wed because of an e2g

molecular vibration. The matrix-isolated spectra exhibit a

fshift-;plus-multiplet structure when compared with the spec-

trum of benzene vapor. The -observed red shift increases with

increasing polarizability of the host. By comparison with

the work conducted on thermally stressed crystalline benzene,1

it is concluded that the multiplet structure of the trapped

benzene is -due to the removal of the e2g vibrational degen-

eracy by the host. An additional splitting observed in the

spectrum of benzene in Ar is assumed to be caused by- two

different symmetry sites in the Ar matrix.

V. L. Broude -and M. I. Onoprienko, Opt. i Spektroekopiya,

8, 332 (1960).



ABSOR IPTION SPECTRA OF METAL ATOMS IN -SOLID X -ENON-.

I-I. MERURY AND CADM4IUM

R. B. Merrithew arnd C. E.Blount-, Bulletirn of the. American

PhsclScey 13,, 907-9-08 -(1968).

The near-ultraviolet absorption spectra of mercury and cadmnium

in solid xenon at- 20.4 0 K werb obtained' on a .2.2 -m vacuum

spectrograph. Xenon-to metal- atom molar ratios of 250: 1

And 800: 1.,were used. The electronic transitions investi-

gated were the 2536-i line of mercury (6 P 0- ~5) The
'1 01

absorption spectra of'the trapped atoms exhibit riultiplets

having a higher energy than the gas-Phase transitions.

T ,hese multiplets- can be, explie byassuming Icomponent

due to isolated atomis and other components due to inter-

acting- pairs of atoms, trapped- at-non-nearest-neighbor sites.

intesolid. The energy of the interacting pairs, is ob-

taihed from the- diatomic' potdnt'ial, curves of ~Hg and 'Cd

Thq _ 'prgy ,dif fere'nc6-obtained- from,,the tdiatomi-c potenti-al

curves- are + 2AR within-those -obtained experimentally.-



ABSORPTION',SPECTRA OF kEtAL ATOMS IN

SOLID XENON'. I . LtIHIUM AND SODIUM

G. V. Marusak arid-C. E. Blount, Bulletin of theAmerican

Physica .. Socidety, 1:3, 907 (196).

The absorption spectra of-lithium arid sodium atoms trapped in

,solid xenon-at 4.5K were obtainred ph6tographically u iig a

i-rn grating spectrograph. )Cenbn to metal molar ratios, of

250: -1 and 500: 1 were3 used. The-6708,9i doublet of lithium,

(2P1/2, 3/2 _I: and the 5890';...R, 589~.$dulto

sodim (2P1/, 32 ~-32S/2)were investigated. The~ absorp

tion -spectra- of the trapped' atoms exhibit multiplets having;

a 'higher energy than. the gas-phase- -transitions. -These

multiplets can be explainied by assuming, th;At 1 component is

due to isclated metal atoms *(atoms of i thiJum or sodium), in,

the- xenon and- that the other c0omp~rnents: are due, to inter-,

actin~ paikb of lithiumor sa6dium atoms trapped at non-

nearest-neiLghbor sites. The-energy of the interacting tpairs

.oo. atComs -is- -obtai-ned ftrom- the, -diatomic -ptentiazl, curves- -of

Li 2 -And" Na 2 .

I2



THE NEARMUTRAVIOLET'ABSORPTION SPECTRA OF

BENZENE IN ARGON AT 4.20K

'E. 'W. I!olJlier ~ard C. 'E. 'Blount, Journal of Molecular

_Spectroscopy, 19, 456,(1966),.

The near Utraviolet absorption spect-rum of bneein argon

at 4. 20k ~was examined. -the spectrum was founid to cons i~t of

two- series of absorption bands separated by 88' cmrl. 'The

series are douiblets- having separations of 7cmr- 1 respectively.

'Thd doublets are attributed t--o the remnoval/.of the e6 degeneracy

by the field-of the argon atoms. The diffei.)ence in the doublet

separaLtion and' the sepa6rationr of the two sekles is evidence

that the-'benzene molecule is in sites i.n the argoh matrix

'Ihavincg dif ferent symmetries.



ABSORPTION SPECTRA OF 1METAL ATOMS IN SOLID XENON

R. B.; Mei-rithew,_ G. -V. Marusak, -and C. E. Blount, Journal of

.Molecular Spectroscopy, 29, 54 (1969).

The absorption spectra of lithium,_ sodium, cadmium, and merduty

in solid xenon'were obtained at temperatures between 4.5 -ad

30_0 0K.- The absorption spectra- of the-trapped-atonis exhibit

-mu'ltiplets. These multipiets qan be bvplained'by assuming

that -one 'oniponhent is -caused -by isolated metal -atoms in the

xenon and that the remaining-components are due to inter-

,acting pairs of-metal atoms trapped at lnornearest-neighbor

substituitional sites. The energies- of the interacting -pairs

;of -atoms- were obtained -,from the- diatomic potential curves.

The assignments of. the i~plated components were confirmed

by concentration- studies or by spelectIve bleaching of -the

domfxdnents.



TEMPERATURE DEPENIDENCE OF THE MATRIX ISOLATION

SPECTRUM 'OF BENZENE

W. T. Timmons, T. Hansen, and, C. E. Blount,, Bulletii of the

Amefican Physical Society, 15, 284 (1970).

The near ultra-violet db!orption spectra of benzene in argon,

krypton, and nitrogen-ave, been recorded for deposit tempera-

tures from 4.20K to 306K. The spectra exhibits-multiple

structures that 'are dependent on the deposit temperature.

The multiples ai.e shown to, result ,from both benzene molecules

is6lated in -the host solid and interacting benzene-molecules

trapped at non-neighboring Sites in the :host lattice. The

shiftin frequency of the isolated band from the vapdo phase

was found to be -3Ocm-1 in argon, -1i46 cm-1 in krypton, and

-50 cm-I in nitrogen. Multiple separations were found to be

8.6 cm- in argon, 84 cm-, in krypton, and 94 cm- in nitrogen.



THE NJEAR ULTAILT.PT SPECTRA OF BENZENE IN INEkT -SOLIfS

:Gary Smith,, Susan Henry, and.C. Et. Blount, Journal of-Molecular

Sipectroscopy (adcepted).

The near ultraviolet absorsition 'spectra of-benzene in -argon..

.kryptoi, aind nitrogen have, beer. jcorded- for -deposit tempr

atures- fromr 4.2cK'to 309K. The s6pectra, exhibit -mult-iple:

- strucdture that are dependeft onf theldeposit teMperatur6.

These multi 'Ies. can be 6.-'lained-by assuming:-one cornpoqqnt

is caned by-isolaited benzene miolecules- in, t1e-host -solid- and'

'the -remainind components-are due to interacting pairs of

-benzene moleculeis'trapped at nonnearest-neighbor sibtes in

the host.
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